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FIG. 12

Voltage sensor’ s voltage characteristic

.................... Ultrasonic sensor’'s voltage characteristic
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FUEL CELL SYSTEM AND TRANSPORT
EQUIPMENT INCLUDING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a fuel cell system
and transport equipment including the same, and more
specifically, to a fuel cell system in which the concentration
of an aqueous fuel solution is controlled, and to transport
equipment including such a fuel cell system.

[0003] 2. Description of the Related Art

[0004] Conventionally, in fuel cell systems, it is a common
practice that the concentration of an aqueous fuel solution
(fuel concentration) is detected and water or fuel (highly
concentrated aqueous fuel solution) is added as necessary so
that concentration of the aqueous fuel solution is maintained
at a consistent level.

[0005] The concentration of the aqueous fuel solution can
be detected by a concentration sensor of various types, such
as those that make use of physical characteristics of the
aqueous fuel solution or those that make use of electro-
chemical characteristics of the aqueous fuel solution. How-
ever, concentration sensors of the former type have a prob-
lem that the detection accuracy decreases at a high
temperature and becomes worse as the temperature rises,
whereas concentration sensors of the latter type have a
problem that the detection accuracy decreases at a low
temperature and becomes worse as the temperature lowers.

[0006] In an attempt to solve the problem in the former
type, JP-A 2005-209584 (Patent Document 1) discloses
cooling the aqueous fuel solution when detecting the con-
centration of the aqueous fuel solution.

[0007] However, the technique disclosed in JP-A 2005-
209584 requires too much additional structure in that the
aqueous fuel solution must be cooled so that its concentra-
tion can be detected.

[0008] In the concentration sensors of the electrochemical
type, there is a possibility that outputs from the sensor will
change over time and accuracy in the concentration detec-
tion of the aqueous fuel solution will deteriorate.

SUMMARY OF THE INVENTION

[0009] In order to overcome the problems described
above, preferred embodiments of the present invention pro-
vide a fuel cell system capable of detecting the concentration
of'an aqueous fuel solution easily and accurately, as well as,
provide transport equipment including such a novel fuel cell
system.

[0010] The preferred embodiments of the present inven-
tion also provide a fuel cell system capable of eliminating
the deterioration of detection accuracy over time, as well as,
providing transport equipment including such a novel fuel
cell system.

[0011] According to a first preferred embodiment of the
present invention, a fuel cell system includes a fuel cell
which generates electric energy by electrochemical reac-
tions; a first concentration detector which detects a concen-
tration of an aqueous fuel solution to be used for the
generation of electric energy by the fuel cell, by using a
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physical characteristic of the aqueous fuel solution; a second
concentration detector which detects a concentration of the
aqueous fuel solution by using an electrochemical charac-
teristic of the aqueous fuel solution; a temperature detector
which detects a temperature of the aqueous fuel solution;
and a selector which selects one of the concentration
obtained by the first concentration detector and the concen-
tration obtained by the second concentration detector, based
on the temperature detected by the temperature detector.

[0012] According to another preferred embodiment of the
present invention, the temperature detector detects a tem-
perature of the aqueous fuel solution, and based on the
detected temperature, a concentration of the aqueous fuel
solution obtained by one of the first concentration detector
and the second concentration detector is selected. With the
arrangement as above, it is possible to select a concentration
obtained by a concentration detector which has a higher
detection accuracy in accordance with the temperature of
aqueous fuel solution and it becomes possible to detect the
concentration of the aqueous fuel solution easily and accu-
rately.

[0013] Preferably, the selector causes each of the first
concentration detector and the second concentration detector
to detect a concentration of the aqueous fuel solution, and
selects one of the concentrations if a detection result of the
temperature detector is between a first threshold value and a
second threshold value which is smaller than the first
threshold value. In the arrangement where use of the con-
centration detector is switched from one to the other based
on the switch-over temperature, concentration detection by
one of the concentration detectors is often unsuccessful at or
near the switch-over temperature. Therefore, the first thresh-
old value and the second threshold value are set so as to
define a range that includes the switch-over temperature.
When the detection result of the temperature detector is
between the first threshold value and the second threshold
value, each of the first concentration detector and the second
concentration detector detect a concentration. This arrange-
ment enables detecting a concentration even if detection by
one of the concentration detectors is unsuccesstul. It should
be noted here that there may be an arrangement that the
range between the first threshold value and the second
threshold value is wide so that concentration detection is
made by both the first concentration detector and the second
concentration detector at all practical presumed tempera-
tures. Then, concentration detection is made by both the first
concentration detector and the second concentration detector
virtually at all times. With this arrangement, even if detec-
tion by one of the concentration detectors is unsuccessful, it
is still possible to detect the concentration.

[0014] Further, determination is preferably made if the
concentration obtained by the first concentration detector is
valid or not. By checking the validity of the concentration as
above, it becomes possible to obtain an accurate concentra-
tion.

[0015] Further, the selector preferably selects one of the
concentration obtained by the first concentration detector
and the concentration obtained by the second concentration
detector based on the temperature detected by the tempera-
ture detector and the switch-over temperature which is
smaller than the first threshold value and greater than the
second threshold value if it is determined that the concen-
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tration obtained by the first concentration detector is valid.
In this case, a concentration of the aqueous fuel solution can
be obtained accurately based on a comparison between the
switch-over temperature and the temperature detected by the
temperature detector.

[0016] Preferably, the switch-over temperature is based on
the concentration obtained by the first concentration detec-
tor. Performance of the first concentration detector varies
sometimes, depending on the concentration of the aqueous
fuel solution. However, by setting the switch-over tempera-
ture in accordance with the concentration of the aqueous fuel
solution, it becomes possible to detect the concentration
more accurately.

[0017] Further, the selector preferably selects one of the
concentration obtained by the first concentration detector
and the concentration obtained by the second concentration
detector based on the temperature detected by the tempera-
ture detector and the switch-over temperature set by the
temperature setting device. This enables a more accurate
concentration detection.

[0018] The preferred embodiments of the present inven-
tion can be utilized suitably when the first concentration
detector includes an ultrasonic sensor for detecting the
concentration of the aqueous fuel solution based on an
ultrasonic propagation speed in the aqueous fuel solution
and the second concentration detector includes a voltage
sensor for detecting the concentration of the aqueous fuel
solution based on an open-circuit voltage of the fuel cell.
Detection accuracy of the ultrasonic sensor which is sup-
posed to detect the ultrasonic propagation speed in the
aqueous fuel solution decreases at a high temperature and
becomes worse as the temperature rises. On the other hand,
detection accuracy of the voltage sensor which is supposed
to detect an open-circuit voltage of the fuel cell decreases at
a low temperature and becomes worse as the temperature
lowers. However, according to the present preferred
embodiment, it is possible to select a concentration obtained
through a concentration sensor which has a higher detection
accuracy in accordance with the temperature of the aqueous
fuel solution, and it becomes possible to detect the concen-
tration of an aqueous methanol solution accurately.

[0019] The present preferred embodiment can be utilized
suitably in cases where the temperature of the aqueous fuel
solution during operation reaches or exceeds 50° C. In the
case where the temperature of the aqueous fuel solution
which flows through the fuel cell system during operation
rises to a high temperature not lower than 50° C., concen-
tration detection accuracy of the first concentration detector
which uses physical characteristics of the aqueous fuel
solution decreases. However, according to the present pre-
ferred embodiment, by utilizing not only the first concen-
tration detector but also the second concentration detector
which uses electrochemical characteristics of the aqueous
fuel solution, it becomes possible, in a high temperature
range, to select a detection result given by the second
concentration detector, which enables a good detection
accuracy under high temperature situations.

[0020] According to another preferred embodiment of the
present invention, a fuel cell system includes a fuel cell
which generates electric energy by electrochemical reac-
tions; a first concentration detector which detects a concen-
tration of an aqueous fuel solution to be used for the
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generation of electric energy by the fuel cell, by using a
physical characteristic of the aqueous fuel solution; a storage
which stores conversion information for converting electro-
chemical information about the aqueous fuel solution into a
concentration of the aqueous fuel solution; a second con-
centration detector which detects electrochemical informa-
tion of the aqueous fuel solution by using an electrochemical
characteristic of the aqueous fuel solution, and makes ref-
erence to the conversion information and converts the elec-
trochemical information into a concentration of the aqueous
fuel solution; and an updating device which updates the
conversion information in accordance with the concentra-
tion obtained by the first concentration detector and the
concentration obtained by the second concentration detector.

[0021] Detection accuracy of the second concentration
detector which uses electrochemical characteristics of the
aqueous fuel solution can deteriorate over time. According
to the present preferred embodiment, conversion informa-
tion for converting the electrochemical information obtained
by the second concentration detector into the concentration
is updated if it is determined that the detection accuracy of
the second concentration detector has deteriorated, based on
a comparison of a concentration outputted from the first
concentration detector to a concentration outputted from the
second concentration detector. This improves detection
accuracy of the concentration obtained by the second con-
centration detector.

[0022] In a motorbike and other transport equipment
which include a fuel cell system, the temperature of the
aqueous fuel solution flowing in the fuel cell system changes
over a wide range. Also, the transport equipment generally
has a longer service life as compared with general electric
appliances, and thus has a greater risk for deterioration over
time of the second concentration detector which uses elec-
trochemical characteristics of the aqueous fuel solution.
Therefore, the present preferred embodiment can be utilized
suitably in such a motorbike or other transport equipment.

[0023] Other features, elements, processes, steps, charac-
teristics and advantages of the present invention will become
more apparent from the following detailed description of
preferred embodiments of the present invention with refer-
ence to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a left side view of a motorbike according
to a preferred embodiment of the present invention.

[0025] FIG. 2 is a perspective view taken from front left,
showing how the fuel cell system is mounted on a motorbike
frame.

[0026] FIG. 3 is a perspective view taken from rear left,
showing how the fuel cell system is mounted on the motor-
bike frame.

[0027] FIG. 4 is a left side view showing piping in the fuel
cell system.

[0028] FIG. 5 is a right side view showing the piping in the
fuel cell system.

[0029] FIG. 6 is a perspective view taken from front left,
showing the piping in the fuel cell system.

[0030] FIG. 7 is a perspective view taken from front right,
showing the piping in the fuel cell system.
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[0031] FIG. 8 is a diagram of a fuel cell stack.
[0032] FIG. 9 is a diagram of an individual fuel cell.

[0033] FIG. 10 is a system diagram showing piping of the
fuel cell system.

[0034] FIG. 11 is a block diagram showing an electrical
configuration of the fuel cell system.

[0035] FIG. 12 is a graph which shows a relationship
between voltages (physical information) detected by an
ultrasonic sensor and aqueous solution temperatures, as well
as a relationship between voltages (electrochemical infor-
mation) detected by a voltage sensor and the aqueous
solution temperatures.

[0036] FIG. 13A is a graph which exemplifies a relation-
ship between voltages detected by a voltage sensor and
aqueous methanol solution concentrations, whereas FIG.
13B is a diagram for describing that a concentration detected
by a voltage sensor is corrected by using a concentration
detected by an ultrasonic sensor.

[0037] FIG. 14A is a graph which shows a relationship
between concentrations of an aqueous methanol solution and
ultrasonic propagation speeds, whereas FIG. 14B is a graph
which shows a relationship between concentrations detected
through an ultrasonic sensor and the switch-over tempera-
tures.

[0038] FIG. 15 is a flowchart of an operation which relates
to concentration detection of an aqueous methanol solution
and updating of conversion information.

[0039] FIG. 16 is a flowchart which shows a continued
portion of the operation from FIG. 15.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0040] Hereinafter, preferred embodiments of the present
invention will be described, with reference to the drawings.
The preferred embodiments are cases in which a fuel cell
system 100 is equipped in a motorbike 10 as an example of
transport equipment.

[0041] The description will first cover the motorbike 10. It
is noted that the terms left and right, front and rear, up and
down as used in the preferred embodiments of the present
invention are determined from the normal state of riding,
i.e., as viewed by the rider sitting on the rider’s seat of the
motorbike 10, with the rider facing toward a handle 24.

[0042] Referring to FIG. 1 through FIG. 7, the motorbike
10 includes a vehicle body 11. The vehicle body 11 has a
vehicle frame 12. The vehicle frame 12 includes a head pipe
14, a front frame 16 which has an I-shaped vertical section
and extends in a rearward and downward direction from the
head pipe 14, a rear frame 18 which is connected with a rear
end of the front frame 16 and rising in a rearward and
upward direction, and a seat rail 20 which is attached to a top
end of the rear frame 18. The front frame 16 has its rear end
connected with a location on the rear frame 18 which is close
to but slightly away from a center portion of the rear frame
18 toward a lower end. The front frame 16 and the rear frame
18 combine to form a substantially Y-shaped structure as
viewed from the side.
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[0043] The front frame 16 includes a plate member 16a
which has a width in the vertical direction and extends in a
rearward and downward direction perpendicularly to the
lateral direction of the vehicle; flanges 165, 16¢ which are
formed respectively at an upper end edge and a lower end
edge of the plate member 164, extend in a rearward and
downward direction, and have a width in the lateral direc-
tion; reinforcing ribs 164 protruding from both surfaces of
the plate member 16a; and a connecting region 16e at a rear
end for connecting the rear frame 18 with bolts, for example.
The reinforcing ribs 164 and the flanges 165, 16¢ serve as
storage walls, providing compartments on both surfaces of
the plate member 164 as storage spaces for components of
a fuel cell system 100 to be described later.

[0044] The rear frame 18 includes plate members 18a, 185
which extend in a rearward and upward direction, have a
width in the front and rear directions, and sandwich the
connecting region 16e of the front frame 16; and a plate
member (not illustrated) which connects the plate members
18a and 185.

[0045] As shown in FIG. 1, a steering shaft 22 is pivotably
inserted in the head pipe 14 for steering the vehicle. Ahandle
support 26 is provided at an upper end of the steering shaft
22, to which the handle 24 is fixed. Grips 28 are provided at
both ends of the handle 24. The right-hand grip 28 serves as
a rotatable throttle grip.

[0046] A display/operation board 30 is provided in front of
the handle 24 of the handle support 26. The display/opera-
tion board 30 is an integrated dashboard including a meter
30a for measuring and displaying various data concerning
an electric motor 60 (to be described later), a display 305,
e.g., a liquid crystal display, for providing the rider with a
variety of information concerning the riding conditions, and
input portion 30c¢ for inputting a variety of information. A
head lamp 32 is provided below the display/operation board
30 at the handle support 26, and a flasher lamp 34 is
provided on each of the left and right sides of the head lamp
32.

[0047] A pair of left and right front forks 36 extend
downwardly from a bottom end of the steering shaft 22.
Each of the front forks 36 includes a bottom end supporting
a front wheel 38 via a front wheel shaft 40. The front wheel
38 is suspended by the front forks 36, and is freely rotatable
around the front wheel shaft 40.

[0048] On the other hand, a frame-like seat rail 20 is
attached to a rear end of the rear frame 18. The seat rail 20
is fixed on an upper end of the rear frame 18 by welding, for
example, generally in the front and rear directions. An
unillustrated seat is provided pivotably on the seat rail 20. A
mounting bracket 42 is fixed to a rear end of the seat rail 20.
The mounting bracket 42 supports a tail lamp 44 and a pair
of left and right flasher lamps 46.

[0049] The rear frame 18 includes a lower end which
pivotably supports a swing arm (rear arm) 48 via a pivot
shaft 50. The swing arm 48 has a rear end 484 which
rotatably supports a driving wheel, i.e., a rear wheel 52, on
a shaft via an electric motor 60 (to be described later). The
swing arm 48 and the rear wheel 52 are suspended with an
unillustrated rear spring with respect to the rear frame 18.

[0050] A pair of footrest attaching bars 54 are provided at
a lower front portion of the rear frame 18, to protrude in the
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left and right directions from the rear frame 18 respectively.
An unillustrated footrest is attached to each of the footrest
attaching bars 54. Behind the footrest attaching bars 54, a
main stand 56 is pivotably supported by the swing arm 48.
The main stand 56 is biased in a closing direction by a return
spring 58.

[0051] In the present preferred embodiment, the swing
arm 48 is provided therein with an electric motor 60 of an
axial gap type, for example, which is connected with the rear
wheel 52 to rotate the rear wheel 52, and a drive unit 62
which is electrically connected with the electric motor 60.
The drive unit 62 includes a controller 64 for controlling the
rotating drive of the electric motor 60.

[0052] The vehicle body 11 of the motorbike 10 as
described is equipped with a fuel cell system 100 along the
vehicle frame 12. The fuel cell system 100 generates electric
energy for driving the electric motor 60 and other compo-
nents.

[0053] Hereinafter, the fuel cell system 100 will be
described.

[0054] The fuel cell system 100 is a direct methanol fuel
cell system which uses methanol (an aqueous solution of
methanol) directly without reformation for power genera-
tion.

[0055] The fuel cell system 100 includes a fuel cell stack
(hereinafter simply called cell stack) 102 mounted below the
front frame 16.

[0056] As shown in FIG. 8 and FIG. 9, the cell stack 102
includes a plurality of fuel cells (individual fuel cells) 104
layered (stacked) in alternation with separators 106. Each
fuel cell 104 is capable of generating electric energy through
electrochemical reactions between hydrogen ions based on
methanol and oxygen. Each fuel cell 104 in the cell stack
102 includes electrolyte (electrolyte film) 104a defined by a
solid polymer film, for example, and a pair of an anode (fuel
electrode) 1045 and a cathode (air electrode) 104¢ opposed
to each other, with the electrolyte 104a in between. The
anode 1045 and the cathode 104¢ each include a platinum
catalyst layer provided on the side closer to the electrolyte
104a.

[0057] As shown in FIG. 4, etc., the cell stack 102 is
placed on a skid 108. The skid 108 is supported by a stay
stack 110 hung from the flange 16¢ of the front frame 16.

[0058] As shown in FIG. 6, an aqueous solution radiator
112 and a gas-liquid separation radiator 114 are disposed
below the front frame 16, above the cell stack 102. The
radiators 112 and 114 are integral with each other, having a
front surface facing the front of the vehicle in a slightly
downward direction. The radiators 112 and 114 have a
plurality of plate-like fins (not illustrated) which are per-
pendicular to the front surface. The radiators 112 and 114
can receive sufficient air while the vehicle is running.

[0059] The radiator 112 includes a radiator pipe 116
preferably having a swirling configuration as shown in FIG.
6, etc. The radiator pipe 116 is a single continuous pipe
formed by welding a plurality of straight pipe members
made of stainless steel, for example, with a plurality of
generally U shaped pipe joints, extending from an inlet 118«
(See FIG. 5) through an outlet 1185 (See FIG. 3). The
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radiator 112 has a rear surface facing a cooling fan 120
opposed to the radiator pipe 116.

[0060] Likewise, the radiator 114 includes two radiator
pipes 122 each formed in a meandering pattern. Each
radiator pipe 122 is a single continuous pipe formed by
welding a plurality of straight pipe members made of
stainless steel, for example, with a plurality of generally U
shaped pipe joints, extending from an inlet 124a (See FIG.
3) through an outlet 1245 (See FIG. 3). The radiator 114 has
a rear surface facing a cooling fan 126 opposed to the
radiator pipe 122.

[0061] Returning to FIG. 1 through FIG. 7, and referring
mainly to FIG. 3, a fuel tank 128, an aqueous solution tank
130, and a water tank 132 are disposed in this order from top
to bottom, behind the connecting region 16e of the front
frame 16. The fuel tank 128, the aqueous solution tank 130,
and the water tank 132 are formed by PE (polyethylene)
blow molding, for example.

[0062] The fuel tank 128 is below the seat rail 20 and is
attached to a rear end of the seat rail 20. The fuel tank 128
contains a methanol fuel (high concentration aqueous solu-
tion of methanol) having a high concentration level (con-
taining methanol at approximately 50 wt %, for example)
which is used as a fuel for the electrochemical reaction in the
cell stack 102. The fuel tank 128 has a lid 1284 on its upper
surface. The 1id 1284 is removed when replenishing the tank
with methanol fuel.

[0063] The aqueous solution tank 130 is below the fuel
tank 128, and is attached to the rear frame 18. The aqueous
solution tank 130 contains aqueous methanol solution,
which is a solution of the methanol fuel from the fuel tank
128 diluted to a suitable concentration (containing methanol
at approximately 3 wt %, for example) for the electrochemi-
cal reaction in the cell stack 102. In other words, the aqueous
solution tank 130 contains aqueous methanol solution which
is fed by the aqueous solution pump 146 (to be described
later) to the cell stack 102.

[0064] The fuel tank 128 is provided with a level sensor
129 for detecting the height of the liquid surface of the
methanol fuel in the fuel tank 128. The aqueous solution
tank 130 is provided with a level sensor 131 for detecting the
height of the liquid surface of the aqueous methanol solution
in the aqueous solution tank 130. By detecting the height of
the liquid surfaces with the level sensors 129, 131, the
amount of liquids in the tanks can be detected. The liquid
surface in the aqueous solution tank 130 is controlled to stay
within a range indicated by a letter A in FIG. 4, for example.

[0065] The water tank 132 is between the plate members
184 and 185 of the rear frame 18 and behind the cell stack
102. A level sensor 133 is attached to the water tank 132 in
order to detect a water level in the water tank 132.

[0066] In front of the fuel tank 128 and above the flange
165 of the front frame 16 is a secondary battery 134. The
secondary battery 134 is disposed on an upper surface of the
plate member (not illustrated) of the rear frame 18. The
secondary battery 134 stores the electric energy generated
by the cell stack 102, and supplies the stored electric energy
to the electric components in response to commands from
the controller 156 (to be described later). For example, the
secondary battery 134 supplies electric energy to peripheral
components and the drive unit 62.
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[0067] Above the secondary battery 134 and below the
seat rail 20 is disposed a fuel pump 136 and a detection valve
138. Further, a catch tank 140 is disposed above the aqueous
solution tank 130.

[0068] The catch tank 140 has a lid 140a on its upper
surface. If the fuel cell system 100 has never been started
(when the aqueous solution tank 130 is empty), for example,
the lid 140q is removed to supply the tank with aqueous
methanol solution. The catch tank 140 is formed by PE
(polyethylene) blow molding, for example.

[0069] An air filter 142 is disposed in a space surrounded
by the front frame 16, the cell stack 102 and the radiators
112, 114 for removing impurities such as dust contained in
the air. Behind and below the air filter 142 is disposed an
aqueous solution filter 144.

[0070] As shown FIG. 4, an aqueous solution pump 146
and an air pump 148 are housed in the storage space on the
left side of the front frame 16. On the left side of the air
pump 148 is an air chamber 150. The aqueous solution pump
146 pumps aqueous methanol solution toward the cell stack
102.

[0071] Further, as shown in FIG. 5, a main switch 152, a
DC-DC converter 154, a controller 156, a rust prevention
valve 158, and a water pump 160 are disposed in this order
from front to rear in the storage space on the right side of the
front frame 16. The main switch 152 penetrates the storage
space in the front frame 16 from right to left. In front of the
cell stack 102 is a horn 162. The DC-DC converter 154
converts the electric voltage from 24 volts to 12 volts. The
12 volt power is used to drive fans 120, 126.

[0072] With the above-described layout, reference will
now be made to FIG. 4 through FIG. 7 and FIG. 10 to
describe piping in the fuel cell system 100.

[0073] The fuel tank 128 and the fuel pump 136 are
connected with each other by a pipe P1. The fuel pump 136
and the aqueous solution tank 130 are connected with each
other by a pipe P2. The pipe P1 connects a lower end of a
left side surface of the fuel tank 128 with a lower end of a
left side surface of the fuel pump 136. The pipe P2 connects
a lower end of a left side surface of the fuel pump 136 with
alower end of a left side surface of the aqueous solution tank
130. By driving the fuel pump 136, methanol fuel in the fuel
tank 128 is supplied to the aqueous solution tank 130 via the
pipes P1, P2.

[0074] The aqueous solution tank 130 and the aqueous
solution pump 146 are connected with each other by a pipe
P3. The aqueous solution pump 146 and the aqueous solu-
tion filter 144 are connected with each other by a pipe P4.
The aqueous solution filter 144 and the cell stack 102 are
connected with each other by a pipe P5. The pipe P3
connects a lower corner of a left side surface of the aqueous
solution tank 130 with a rear portion of the aqueous solution
pump 146. The pipe P4 connects a rear portion of the
aqueous solution pump 146 with a left side surface of the
aqueous solution filter 144. The pipe P5 connects a right side
surface of the aqueous solution filter 144 with an anode inlet
11 located at a right lower corner of a front surface of the cell
stack 102. By driving the aqueous solution pump 146,
aqueous methanol solution from the aqueous solution tank
130 is pumped from the pipe P3 side toward the pipe P4 side.
Then, the aqueous solution filter 144 removes impurities
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from the aqueous methanol solution, and the solution flows
through the pipe P5 to the cell stack 102. According to the
present preferred embodiment, the pipes P4 and P5 define a
guide pipe which guides aqueous methanol solution from the
aqueous solution pump 146 to each of the fuel cells 104 in
the cell stack 102.

[0075] The cell stack 102 and the aqueous solution radia-
tor 112 are connected with each other by a pipe P6, and the
radiator 112 and the aqueous solution tank 130 are con-
nected with each other by a pipe P7. The pipe P6 connects
an anode outlet 12 located at an upper left corner of a rear
surface of the cell stack 102 with an inlet 118a (see FIG. 5)
of the radiator pipe 116 which comes out of a right side end
of'a lower surface of the radiator 112. The pipe P7 connects
an outlet 1185 (see FIG. 3) of the radiator pipe 116 with an
upper corner of a left side surface of the aqueous solution
tank 130. The radiator pipe 116 comes out of a lower surface
of the radiator 112 from near a left end but slightly closer to
the center of the radiator’s lower surface. Unused aqueous
methanol solution and carbon dioxide discharged from the
cell stack 102 flow through the pipe P6 to the radiator 112
where they are cooled, and then returned via the pipe P7 to
the aqueous solution tank 130. With this arrangement, the
temperature of the aqueous methanol solution in the aqueous
solution tank 130 can be lowered.

[0076] The pipes P1 through P7 serve primarily as a flow
path for the fuel.

[0077] The air filter 142 and the air chamber 150 are
connected with each other by a pipe P8. The air chamber 150
and the air pump 148 are connected with each other by a pipe
P9, the air pump 148 and the rust prevention valve 158 are
connected with each other by a pipe P10 whereas the rust
prevention valve 158 and the fuel cell stack 102 are con-
nected with each other by a pipe P11. The pipe P8 connects
a rear portion of the air filter 142 with a portion of the air
chamber 150 which is slightly ahead of the center of the
chamber. The pipe P9 connects a lower center portion of the
air chamber 150 with a rear portion of the air pump 148. The
pipe P10 connects the air pump 148 located on the left side
of the plate member 164 in the front frame 16 with the rust
prevention valve 158 located on the right side of the plate
member 16a. The pipe P11 connects the rust prevention
valve 158 with a cathode inlet 13 located on an upper right
end of a rear surface of the cell stack 102. When the fuel cell
system 100 generates power, the rust prevention valve 158
is opened. By driving the air pump 148 under this condition,
air containing oxygen is introduced from outside. The intro-
duced air is purified by the air filter 142, then flows through
the pipe P8, the air chamber 150 and the pipe P9 to the air
pump 148, and then through the pipe P10, the rust preven-
tion valve 158 and the pipe P11, and is supplied to the cell
stack 102. The rust prevention valve 158 is closed when the
fuel cell system 100 is stopped, prevents backflow of water
vapor into the air pump 148 and thereby prevents rusting of
the air pump 148.

[0078] The cell stack 102 and the gas-liquid separation
radiator 114 are connected with each other by two pipes P12.
The radiator 114 and the water tank 132 are connected with
each other by two pipes P13. The water tank 132 is provided
with a pipe (exhaust pipe) P14. Each of the pipes P12
connects a cathode outlet 14 located on a lower left corner of
a front surface of the cell stack 102 with an inlet 124a (see
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FIG. 3) of a corresponding radiator pipe 122 which comes
out from a left side end of a lower surface of the radiator 114.
Each of the pipes P13 connects an outlet 1245 (see FIG. 3)
of a corresponding one of the radiator pipes 122 with an
upper portion of a front surface of the water tank 132. The
radiator pipes 122 come out of the lower surface of the
radiator 114, at a location slightly closer to the center than
the left side end. The pipe P14 is connected with an upper
portion of a rear surface of the water tank 132, and is angled
so it goes up and then down. Exhaust gas which is dis-
charged from the cathode outlet 14 of the cell stack 102
contains water (liquid water and water vapor) and carbon
dioxide. The exhaust gas flows through the pipe P12 into the
radiator 114, where water vapor is liquefied. After leaving
the radiator 114, the exhaust gas flows together with the
water through the pipe P13 into the water tank 132, before
being discharged to the outside via the pipe P14.

[0079] The pipes P8 through P14 serve primarily as a flow
path for the exhaust gas.

[0080] The water tank 132 and the water pump 160 are
connected with each other by a pipe P15 whereas the water
pump 160 and the aqueous solution tank 130 are connected
with each other by a pipe P16. The pipe P15 connects a
lower portion of a right side surface of the water tank 132
with a center portion of the water pump 160. The pipe P16
connects a center portion of the water pump 160 with an
upper corner of a left side surface of the aqueous solution
tank 130. By driving the water pump 160, water in the water
tank 132 is returned to the aqueous solution tank 130 via the
pipes P15, P16.

[0081] The pipes P15, P16 serve as a flow path for the
water.

[0082] The pipe P4 is connected with the pipe P17 so as
to receive a portion of the aqueous methanol solution which
is pumped by the aqueous solution pump 146 and flows
through the pipe P4. As shown in FIG. 4, an ultrasonic
sensor 164 is attached to the pipe P17 for measuring the
methanol concentration in the aqueous methanol solution in
the pipe P17. The ultrasonic sensor 164 is used for measur-
ing the methanol concentration of the aqueous methanol
solution in the pipe P17 based on the principle that an
ultrasonic wave travels at different speeds depending on the
methanol concentration of the aqueous methanol solution
(methanol percentage in the aqueous methanol solution)
which is flowing in the pipe.

[0083] As shown in FIG. 4, the ultrasonic sensor 164 has
a transmitter unit 164a which transmits an ultrasonic wave,
and a receiver unit 1645 which detects the ultrasonic wave.
The transmitter unit 164 is inserted into the pipe P4. The
transmitter unit 164a has a prong 165 which is connected
with a starting end of the pipe P17. Through the prong 165,
aqueous methanol solution is introduced into the pipe P17.
The receiver unit 1645 is connected with a tail end of the
pipe P17, and is disposed on the left side surface of the
secondary battery 134. The ultrasonic sensor 164 generates
an ultrasonic wave at the transmitter unit 164a and receives
the ultrasonic wave at the receiver unit 1645. The controller
156 detects the methanol concentration of the aqueous
methanol solution in the pipe P17, based on an ultrasonic
wave propagation speed which is obtained from the amount
of time from the start of ultrasonic wave generation at
transmitter unit 164a to the reception of the ultrasonic wave
at the receiver unit 164b.
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[0084] The receiver unit 164 and the detection valve 138
are connected with each other by a pipe P18. The detection
valve 138 and the aqueous solution tank 130 are connected
with each other by a pipe P19. The pipe P18 connects an
upper surface of the receiver unit 1646 with a left side
surface of the detection valve 138. The pipe P19 connects a
right side surface of the detection valve 138 with an upper
surface of the aqueous solution tank 130.

[0085] The pipes P17 through P19 serve as a flow path
primarily for concentration detection.

[0086] The aqueous solution tank 130 and the catch tank
140 are connected with each other by a pipe P20. The catch
tank 140 and the aqueous solution tank 130 are connected
with each other by a pipe P21. The catch tank 140 and the
air chamber 150 are connected with each other by a pipe
P22. The pipe P20 connects an upper corner of a left side
surface of the aqueous solution tank 130 with an upper
corner of a left side surface of the catch tank 140. The pipe
P21 connects a lower end of the catch tank 140 with a lower
corner of a left side surface of the aqueous solution tank 130.
The pipe P22 connects a location of a left side surface of the
catch tank 140 closer to an upper portion thereof, with an
upper end surface of the air chamber 150. Gas (including
main ingredients carbon dioxide, gaseous methanol, and
water vapor) in the aqueous solution tank 130 is supplied to
the catch tank 140 via the pipe P20. The gaseous methanol
and the water vapor are cooled and liquefied in the catch
tank 140, then flow through the pipe P21 back to the aqueous
solution tank 130. Gas (carbon dioxide, methanol which was
not liquefied, and water vapor) in the catch tank 140 is
supplied to the air chamber 150 via the pipe P22.

[0087] The pipes P20 through P22 define a flow path
primarily for processing fuel.

[0088] As shown in FIG. 10, the receiver unit 1645 of the
ultrasonic sensor 164 is provided with a first temperature
sensor 166 for detecting the temperature of aqueous metha-
nol solution that is flowing through the ultrasonic sensor
164. Near an anode inlet 11 of the cell stack 102, there are
provided a voltage sensor 168 for detecting the concentra-
tion of aqueous methanol solution supplied to the cell stack
102 by using electrochemical characteristics of the aqueous
methanol solution and a second temperature sensor 170 for
detecting the temperature of the aqueous methanol solution
supplied to the cell stack 102. Further, an ambient tempera-
ture sensor 171 for detecting the ambient temperature is
provided near an air filter 142.

[0089] Description will now cover an electrical configu-
ration of the fuel cell system 100 while making reference to
FIG. 11.

[0090] The controller 156 of the fuel cell system 100
includes a CPU 172 for performing necessary calculations
and controlling operations of the fuel cell system 100; a
clock circuit 174 which provides the CPU 172 with clock
signals; a memory 176 defined by, e.g., an EEPROM for
storing programs, data, calculation data, etc. for controlling
the operations of the fuel cell system 100; a reset IC 178 for
preventing erroneous operation of the fuel cell system 100;
an interface circuit 180 for connection with external com-
ponents; a voltage detection circuit 184 for detecting a
voltage in an electric circuit 182 which connects the cell
stack 102 with the electric motor 60 that drives the motor-
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bike 10; a current detection circuit 186 for detecting an
electric current which passes through the electric circuit 182;
an ON/OFF circuit 188 for opening and closing the electric
circuit 182; a voltage protection circuit 190 for protecting
the electric circuit 182 from an overvoltage; a diode 192
provided in the electric circuit 182; and a power source
circuit 194 for providing the electric circuit 182 with a
predetermined voltage.

[0091] The CPU 172 of the controller 156 as described
above is supplied with detection signals from the ultrasonic
sensor 164, the voltage sensor 168, the first temperature
sensor 166, the second temperature sensor 170 and the
ambient temperature sensor 171. The CPU 172 is also
supplied with detection signals from a roll-over switch 196
which detects if the vehicle has rolled over, input signals
from a main switch 152 which turns ON or OFF the electric
power, and other signals from the input portion 30c¢ for
various settings and information entry. Further, the CPU 172
is supplied with detection signals from the level sensors 129,
131 and 133.

[0092] The memory 176 which serves as a storage stores
programs for performing operations depicted in FIG. 15 and
FIG. 16; conversion information for converting physical
information (a voltage which indicates a propagation speed)
obtained by the ultrasonic sensor 164 into a concentration;
conversion information for converting electrochemical
information (an open-circuit voltage) obtained by the volt-
age sensor 168 into a concentration; a first threshold value,
a second threshold value and a switch-over temperature to
which a detected temperature is compared; calculation data
and so on. The conversion information may be table data, for
example, which relate voltages as information to corre-
sponding concentrations to which the voltages are to be
converted. The present preferred embodiment uses a set of
table data which relate physical information (voltages which
indicate propagation speeds) to corresponding concentra-
tions, and another set of table data which relate electro-
chemical information (open-circuit voltages) to correspond-
ing concentrations. The memory 176 also stores table data
shown in FIG. 14B, which relates concentrations detected
through the ultrasonic sensor 164 to the switch-over tem-
peratures.

[0093] The CPU 172 controls system components such as
the fuel pump 136, the aqueous solution pump 146, the air
pump 148, the water pump 160, the cooling fans 120 and
126, the detection valve 138, and the rust prevention valve
158. The CPU 172 also controls the display portion 306
which displays various information for the motorbike rider.
The CPU 172 serves as the selector, the determination
device, the setting device, and the conversion device.

[0094] The cell stack 102 is connected with the secondary
battery 134 and the drive unit 62. The secondary battery 134
and the drive unit 62 are connected with the electric motor
60. The secondary battery 134 complements the output from
the cell stack 102, by being charged with electric energy
from the cell stack 102 and discharging the electric energy
to supply power to the electric motor 60 and the system
components.

[0095] The electric motor 60 is connected with the meter
30a for measuring various data concerning the electric
motor 60. The data and status information of the electric
motor 60 obtained by the meter 30a are supplied to the CPU
172 via the interface circuit 198.

Mar. 29, 2007

[0096] Next, a main process of the fuel cell system 100 in
operation (power generation) will be described.

[0097] When the main switch 152 is turned ON, the fuel
cell system 100 drives its components such as the aqueous
solution pump 146 and the air pump 148, thereby starting the
operation.

[0098] As the aqueous solution pump 146 is driven, aque-
ous methanol solution stored in the aqueous solution tank
130 is sent from the pipe P3 side to the pipe P4 side, into the
aqueous solution filter 144. The aqueous solution filter 144
removes impurities and so on from the aqueous methanol
solution, then the aqueous methanol solution is sent through
the pipe P5 and the anode inlet 11, and then supplied directly
to the anode 1045 in each of the fuel cells 104 which define
the cell stack 102.

[0099] Meanwhile, as the air pump 148 is driven, air is
introduced through the air filter 142 and flows through the
pipe P8 into the air chamber 150 where noise is silenced.
The air which was introduced and gas which was supplied
to the air chamber 150 from the catch tank 140 are supplied
via the pipes P9 through P11 and the cathode inlet I3 to the
cathode 104c in each of the fuel cells 104 which define the
cell stack 102.

[0100] At the anode 1045 in each fuel cell 104, methanol
and water in the supplied aqueous methanol solution chemi-
cally react with each other to produce carbon dioxide and
hydrogen ions. The produced hydrogen ions flow to the
cathode 104c¢ via the electrolyte 104a, and electrochemically
react with oxygen in the air supplied to the cathode 104c¢, to
produce water (water vapor) and electric energy. Thus,
power generation is performed in the cell stack 102. The
generated electric energy is sent to and stored at the sec-
ondary battery 134, and is used, for example, to drive the
motorbike 10.

[0101] Carbon dioxide produced at the anode 1045 in each
fuel cell 104 and unused aqueous methanol solution are
heated (up to approximately 65° C. to 70° C., for example)
in the electrochemical reaction, and a portion of the unused
aqueous methanol solution is vaporized. The carbon dioxide
and the unused aqueous methanol solution flow from the
anode outlet 12 of the cell stack 102 into the aqueous
solution radiator 112, where they are cooled (down to
approximately 40° C., for example) by the fan 120 while
flowing through the radiator pipe 116. The carbon dioxide
and the unused aqueous methanol solution which have been
cooled then flow through the pipe P7, and return to the
aqueous solution tank 130.

[0102] Meanwhile, most of the water vapor on the cathode
104¢ in each fuel cell 104 is liquefied and discharged in the
form of water from the cathode outlet 14 of the cell stack
102, with saturated water vapor being discharged in the form
of gas. A portion of the water vapor which is discharged
from the cathode outlet 14 is cooled and liquefied by
lowering the dew point in the radiator 114. The radiator 114
liquefies the water vapor through operation of the fan 126.
Water (liquid water and water vapor) from the cathode outlet
14 are supplied via the pipe 12, the radiator 114, and the pipe
P13 to the water tank 132 together with unused air.

[0103] Also, at the cathode 104c¢ in each fuel cell 104, the
vaporized methanol from the catch tank 140 and methanol
which has moved to the cathode due to crossover react with
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oxygen in the platinum catalyst layer, thereby being decom-
posed to harmless substances of water and carbon dioxide.
The water and carbon dioxide which were produced from
the methanol are discharged from the cathode outlet 14, and
supplied to the water tank 132 via the radiator 114. Further,
water which has moved due to water crossover to the
cathode 104¢ in each fuel cell 104 is discharged from the
cathode outlet 14, and supplied to the water tank 132 via the
radiator 114.

[0104] The water collected in the water tank 132 is
recycled appropriately by the pumping operation of the
water pump 160, through the pipes P15, P16 to the aqueous
solution tank 130, and is used as water for the aqueous
methanol solution.

[0105] While the fuel cell system 100 is in operation, a
concentration detection routine for aqueous methanol solu-
tion is performed regularly for efficient power generation by
each fuel cell 104 while preventing the fuel cell 104 from
premature deterioration. Based on the detection result,
adjustment is made on the methanol concentration of the
aqueous methanol solution which is to be supplied to the cell
stack 102. Specifically, methanol fuel is supplied from the
fuel tank 128 to the aqueous solution tank 130 whereas water
is returned from the water tank 132 to the aqueous solution
tank 130 based on the detection result.

[0106] Attention should be paid here to the use of two
concentration sensors, i.e., the ultrasonic sensor 164 and the
voltage sensor 168, in order to detect the methanol concen-
tration of the aqueous methanol solution. In the present
preferred embodiment, the ultrasonic sensor 164 and the
CPU 172 define the first concentration detector which
detects the concentration of the aqueous methanol solution
by using physical characteristics of the aqueous methanol
solution whereas the voltage sensor 168 and the CPU 172
define the second concentration detector which detects the
concentration of the aqueous methanol solution by using
electrochemical characteristics of the aqueous methanol
solution.

[0107] The ultrasonic sensor 164 detects an ultrasonic
propagation speed (sonic speed) which indicates a concen-
tration of the aqueous methanol solution, and converts the
propagation speed into a voltage value, i.e., physical infor-
mation. The voltage sensor 168 detects an open-circuit
voltage of the fuel cell (individual fuel cell) 104, i.e.,
electrochemical information.

[0108] As shown in FIG. 12, in the ultrasonic sensor 164,
the voltage difference between two different concentrations
becomes larger as the temperature becomes lower, because
a difference in ultrasonic propagation speed in methanol and
in water becomes greater at a lower temperature. On the
other hand, in the voltage sensor 168, the open-circuit
voltage difference between two different concentrations
becomes larger as the temperature becomes higher, because
chemical reactions are more active at a higher temperature,
increasing the open-circuit voltage difference between two
different concentrations.

[0109] Tt is understood from FIG. 12 that the ultrasonic
sensor 164 has a higher detection accuracy at relatively low
temperatures while the voltage sensor 168 has a higher
detection accuracy at relatively high temperatures. There-
fore, the concentration detected by the ultrasonic sensor 164
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is used if the temperature detected by the first temperature
sensor 166 is lower than the switch-over temperature (45° C.
in the present preferred embodiment), and the concentration
detected by the voltage sensor 168 is used if the temperature
is not lower than the switch-over temperature, in order to
perform the concentration control of the aqueous methanol
solution.

[0110] In addition, as shown in FIG. 13 A, detection accu-
racy of the voltage sensor 168 deteriorates over time and as
a result, detected open-circuit voltages which indicate the
concentrations will tend to be lower as shown in a broken
line. Under this circumstance, the concentration of the
aqueous methanol solution obtained by the CPU 172 based
on the open-circuit voltage from the voltage sensor 168 is
higher than the actual concentration, and it becomes impos-
sible to control the concentration accurately. Therefore,
when the difference between the concentration detected by
the ultrasonic sensor 164 and the concentration detected by
the voltage sensor 168 reaches or exceeds a predetermined
value, it is determined that the detection accuracy of the
voltage sensor 168 has deteriorated, and an update is made
to the conversion information (the table data in the present
preferred embodiment) which is the information for con-
verting open-circuit voltages (electrochemical information)
detected by the voltage sensor 168 into concentrations. With
this arrangement, concentrations obtained by the voltage
sensor 168 are corrected as shown in FIG. 13B, and dete-
rioration over time of the detection accuracy of the voltage
sensor 168 is eliminated.

[0111] Asshown in FIG. 14A, the relationship between the
concentration of the aqueous methanol solution and the
ultrasonic propagation speed is non-linear, with the curve’s
gradient, i.e., the difference in the ultrasonic propagation
speed, becoming smaller as the concentration becomes
higher. This means that the concentration detection accuracy
based on the ultrasonic propagation speed decreases as the
concentration increases.

[0112] Therefore, the CPU 172 makes reference to table
data, which is shown in FIG. 14B, stored in the memory 176
and relates concentrations detected through the ultrasonic
sensor 164 to the corresponding switch-over temperatures,
and sets (updates) the switch-over temperature in accor-
dance with the concentration of the aqueous methanol
solution detected through the ultrasonic sensor 164.

[0113] Now, reference will be made to FIG. 15 and FIG.
16 to describe an operation which relates to the concentra-
tion detection of the aqueous methanol solution and the
updating of the conversion information in the fuel cell
system 100. It should be noted here that the switch-over
temperature is set within a range between the first threshold
value and the second threshold value (including the two end
values), with the initial setting being 45° C., for example.

[0114] First, the temperature of the aqueous methanol
solution which is flowing in the ultrasonic sensor 164 is
detected by the first temperature sensor 166 (Step S1). The
CPU 172 checks if the temperature is not lower than the first
threshold value (50° C. in the present preferred embodi-
ment) (Step S3). If the temperature is lower than the first
threshold value, the ultrasonic sensor 164 detects an ultra-
sonic propagation speed (physical information) (Step S5),
and then the CPU 172 makes reference to conversion
information stored in the memory 176 to obtain a concen-
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tration that corresponds to the propagation speed (Step S7).
Next, the CPU 172 checks if the obtained concentration is
valid (Step S9). If the obtained concentration is different
from the previous detection data by a predetermined or
greater amount, the obtained concentration data is judged as
invalid and is deleted. The same judgment is also given if no
data is obtained due to bubbles or impurities in the aqueous
methanol solution in the ultrasonic sensor 164. Otherwise,
the concentration obtained from the detection result of the
ultrasonic sensor 164 is judged as valid, is taken as the
concentration of the aqueous methanol solution, and is
stored in the memory 176 (Step S11). Then, the CPU 172
makes reference to table data which represents the relation-
ship in FIG. 14B, to set the switch-over temperature in
accordance with the concentration of the aqueous methanol
solution which was judged as valid (Step S13), and proceeds
to Step S15. It should be noted here that the system
determines that there is an error if a detected concentration
exceeds 20 wt %. In this case, the switch-over temperature
is set to 35° C., and the system stops the supply of methanol
fuel from the fuel tank 128 to the aqueous solution tank 130
at least until the detected concentration comes down to or
below 20 wt %.

[0115] IfStep S9 results in NO or Step S3 results in YES,
then the process goes directly to Step S15.

[0116] In Step S15, the second temperature sensor 170
detects a temperature of the aqueous methanol solution near
the voltage sensor 168. The CPU 172 checks if the tem-
perature is not lower than the second threshold value (which
is smaller than the first threshold value, and is 35° C. in the
present preferred embodiment) (Step S17). If the tempera-
ture of the aqueous methanol solution is lower than the
second threshold value, the process goes back to Step S1
whereas if the temperature of the aqueous methanol solution
is not lower than the second threshold value, then the CPU
172 checks if a detection condition for the open-circuit
voltage of the fuel cell 104 is satisfied (Step S19). The
detection condition in this operation is that there is stable
supply of air by the air pump 148. Whether the detection
condition is satisfied or not can be judged from a driving
signal from the CPU 172 to the air pump 148. Such a
detection condition is required because if the air supply is
stopped or decreased, the amount of flow of air becomes
unstable, and reliability of a detected open-circuit voltage
decreases.

[0117] If Step S19 finds that the detection condition is
satisfied, then the voltage sensor 168 detects an open-circuit
voltage (electrochemical information) (Step S21). The CPU
172 makes reference to conversion information stored in the
memory 176, obtains a concentration which corresponds to
the open-circuit voltage, and stores it in the memory 176
(Step S23). Thereafter, the CPU 172 checks if the routine in
Step S11 has been performed (Step S25). If it has, then the
CPU 172 checks if the temperature of the aqueous methanol
solution detected by the first temperature sensor 166 is not
lower than the switch-over temperature (Step S27). If the
temperature of the aqueous methanol solution is lower than
the switch-over temperature, the concentration obtained
through the ultrasonic sensor 164 is selected (Step S29) and
the operation proceeds to Step S31. On the other hand, if the
temperature of the aqueous methanol solution is not lower
than the switch-over temperature, the concentration obtained
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through the voltage sensor 168 is selected (Step S33), and
the operation proceeds to Step S31.

[0118] In Step S31, the CPU 172 checks if the difference
between the concentration detected through the ultrasonic
sensor 164 and the concentration detected through the
voltage sensor 168 is not smaller than a predetermined
value. If the concentration difference is not smaller than the
predetermined value, the CPU 172 determines that the
detection accuracy of the voltage sensor 168 has deterio-
rated, and updates the conversion information stored in the
memory 176 for converting the electrochemical information
into a concentration so that the concentration difference
obtained as above will be halved (reduced to ') (Step S35),
and then the process goes back to Step S1. Such a routine as
described above is performed to keep the amount of correc-
tion made to the conversion information within a safe range
since the output from the ultrasonic sensor 164 is not
absolutely correct. By repeating the above process by fol-
lowing the steps shown in FIG. 15 and FIG. 16, conversion
information is updated and becomes more accurate.

[0119] It should be noted here that the routine in Step S31
and Step S35, i.e., checking if the concentration difference
is not smaller than a predetermined value and updating
conversion information if the difference is not, is performed
only when a concentration was detected through the ultra-
sonic sensor 164 and a concentration was detected through
the voltage sensor 168. Therefore, in the present preferred
embodiment, Steps S31 and S35 are performed preferably
only when the temperature detected by the first temperature
sensor 166 is lower than 50° C. and the temperature detected
by the second temperature sensor 170 is not lower than 35°
C.

[0120] If Step S19 finds that the detection condition is not
satisfied, the voltage sensor 168 does not detect the open-
circuit voltage and the process goes back to Step S1. If the
system finds that Step S11 was not performed (NO in Step
S25), then the process goes back to Step S1. The process
also goes back to Step 1 if Step S31 results in NO.

[0121] Tt should be noted here that the timing for perform-
ing the operation shown in FI1G. 15 and FIG. 16 is preferably
set in accordance with the duration of time for which power
generation continues.

[0122] Note also, that in the present preferred embodi-
ment, the second temperature sensor 170 is preferably
provided near the anode intake 11 of the cell stack 102 which
is a heat source; so the temperature detected by the first
temperature sensor 166 is not higher than the temperature
detected by the second temperature sensor 170.

[0123] Therefore, if the temperature of the aqueous metha-
nol solution detected by the first temperature sensor 166 is
not lower than the first threshold value (50° C. in the present
preferred embodiment), Step S17 in FIG. 15 always gives
YES, so no concentration detection is made through the
ultrasonic sensor 164, and only the voltage sensor 168
detects electrochemical information, and the CPU 172
selects a corresponding concentration based on the electro-
chemical information.

[0124] On the other hand, when the temperature of the
aqueous methanol solution detected by the second tempera-
ture sensor 170 is lower than the second threshold value (35°
C. in the present preferred embodiment), Step S3 in FIG. 15
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always gives NO, so no concentration detection is made
through the voltage sensor 168, and only the ultrasonic
sensor 164 detects physical information. Then the CPU 172
selects a corresponding concentration based on the physical
information.

[0125] When the temperature of the aqueous methanol
solution detected by the second temperature sensor 170 is
not smaller than the second threshold value and the tem-
perature of the aqueous methanol solution detected by the
first temperature sensor 166 is lower than first threshold
value, the ultrasonic sensor 164 detects physical information
and the voltage sensor 168 detects electrochemical informa-
tion. Then, if both of the concentration obtained through the
ultrasonic sensor 164 and the concentration obtained
through the voltage sensor 168 are valid and therefore stored
in the memory 172, and if the temperature detected by the
first temperature sensor 166 is lower than the switch-over
temperature, the concentration obtained through the ultra-
sonic sensor 164 is selected by the CPU 172. On the other
hand, if the temperature detected by the first temperature
sensor 166 is not lower than the switch-over temperature, the
concentration obtained through the voltage sensor 168 is
selected by the CPU 172.

[0126] Then, the concentration of the aqueous methanol
solution is controlled based on the selected concentration.

[0127] According to the motorbike 10 equipped with the
fuel cell system 100 as described above, it is possible to
select a concentration obtained through a concentration
sensor which has a higher detection accuracy based on the
temperature of aqueous methanol solution, and it becomes
possible to detect the concentration of the aqueous methanol
solution easily and accurately.

[0128] When the detected temperature of the aqueous
methanol solution is within a range between the first thresh-
old value and the second threshold value which is a range
including the switch-over temperature, concentration detec-
tion is made through the ultrasonic sensor 164 and concen-
tration detection is also made through the voltage sensor
168. With this arrangement, even if one of the concentration
detections is unsuccessful, it is still possible to detect a
concentration. Especially, at or near the switch-over tem-
perature, concentration detection through the ultrasonic sen-
sor 164 is sometimes unsuccessful due to, e.g., bubbles
attached to the ultrasonic sensor 164. The process described
thus far is effective when, under such a situation as the
above, priority should be given to the detection result from
the ultrasonic sensor 164, and switch-over from the ultra-
sonic sensor 164 to the voltage sensor 168 should be made
as late as possible in the concentration detection routine.

[0129] 1t should be noted here that there may be an
arrangement that the range between the first threshold value
and the second threshold value is made wide so that con-
centration detection is made by using both the ultrasonic
sensor 164 and the voltage sensor 168 at all practical
presumed temperatures. Then, concentration detection is
made by using both the ultrasonic sensor 164 and the voltage
sensor 168 virtually at all times. With this arrangement, even
if detection through one of the concentration sensors is
unsuccessful, it is still possible to detect a concentration.

[0130] Further, by checking if the concentration obtained
through the ultrasonic sensor 164 is valid or not, it becomes
possible to obtain an accurate concentration.
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[0131] Also, by selecting one of the concentration
obtained through the ultrasonic sensor 164 and the concen-
tration obtained through the voltage sensor 168 based on the
detected temperature and the switch-over temperature, the
concentration of the aqueous methanol solution is obtained
accurately.

[0132] Further, by updating the switch-over temperature
based on the concentration of the aqueous methanol solu-
tion, it becomes possible to detect the concentration more
accurately.

[0133] Also, even when the temperature of the aqueous
methanol solution which flows through the fuel cell system
100 has reached a high temperature not lower than 50° C.
during operation of the fuel cell system 100, it is still
possible to select the detection result through the voltage
sensor 168, making it possible to obtain good detection
accuracy under high temperature situations.

[0134] Further, by updating conversion information which
is used for converting the output from the voltage sensor 168
to the concentration, as necessary, based on the output from
the ultrasonic sensor 164 which is stable over time, it
becomes possible to eliminate detection accuracy deteriora-
tion of the voltage sensor 168.

[0135] Tt should be noted here that an output change of the
voltage sensor 168 caused by the detection accuracy dete-
rioration of the voltage sensor 168 is believed to be gradual.
For this reason, there may be an arrangement that updating
of the conversion information for the voltage sensor 168 is
not made if there is a sudden increase in the difference
between the concentration detected through the ultrasonic
sensor 164 and the concentration detected through the
voltage sensor 168, because a sudden change is not likely to
have been caused by the deterioration even if the difference
is not smaller than the predetermined value. Such an
arrangement will make sure that only those problems caused
by the deterioration are avoided.

[0136] The present preferred embodiments are suitable for
a motorbike 10 in which the temperature of an aqueous
methanol solution changes over a wide range and the service
life of the system is generally long.

[0137] According to the above-described preferred
embodiments, an ultrasonic sensor 164 is used as a sensor
which defines the first concentration detector for physical
detection of a concentration of the aqueous methanol solu-
tion, and a voltage sensor 168 is used as a sensor which
defines the second concentration detector for electrochemi-
cal detection of a concentration of the aqueous methanol
solution. However, the present invention is not limited to
these.

[0138] The sensor which defines the first concentration
detector may be provided by any sensor which can detect
physical information based upon refraction index, dielectric
constant, infrared ray absorbency index, viscosity, specific
weight, solidification point, etc. Likewise, the sensor which
defines the second concentration detector may be provided
by any sensor which can detect electrochemical information,
such as a sensor disclosed in U.S. Pat. No. 6,254,748.

[0139] Further, instead of detecting an open-circuit volt-
age of the fuel cell 104, an open-circuit voltage of the cell
stack 102 may be detected by the voltage sensor 168 as
electrochemical information.
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[0140] Further, in the above-described preferred embodi-
ments, either one of the concentration obtained through the
ultrasonic sensor 164 and the concentration obtained
through the voltage sensor 168 is selected based on the
detected temperature. However, the present invention is not
limited to this. For example, either one of the physical
information obtained by the ultrasonic sensor 164 and the
electrochemical information obtained by the voltage sensor
168 may be selected based on the detected temperature, so
that the concentration will be obtained on the basis of the
selected information.

[0141] Also, according to the preferred embodiments, the
temperature detector which detects the temperature of the
aqueous methanol solution is provided by the first tempera-
ture sensor 166 and the second temperature sensor 170.
However, the present invention is not limited to this. For
example, only one of the first temperature sensor 166 and the
second temperature sensor 170 may be used. In this case, the
temperature detection in Step S1 and Step S15 shown in
FIG. 15 is made only by the first temperature sensor 166 or
only by the second temperature sensor 170.

[0142] Further, the temperature detection of the aqueous
methanol solution may not be made from the aqueous
methanol solution itself; but the temperature of the cell stack
102 or the temperature of the discharge gas from the cathode
104¢ may be detected alternatively.

[0143] The conversion information may be arithmetic
expressions for converting a voltage as a piece of informa-
tion into a concentration.

[0144] According to the above-described preferred
embodiments, the first threshold value and the second
threshold value are set so as to define a range that includes
the switch-over temperature. When the detection result of
the temperature detector is between the first threshold value
and the second threshold value, each of the first concentra-
tion detector and the second concentration detector detect a
concentration. However, the present invention is not limited
to this. If the detection result is lower than the switch-over
temperature, only the first concentration detector may detect
the concentration. On the other hand, if the detection result
is not lower than the switch-over temperature, only the
second concentration detector may detect the concentration.

[0145] Further, the fuel cell system according to various
preferred embodiments of the present invention is suitable
not only for motorbikes but also to any transport equipment
such as automobiles and marine vessels.

[0146] Still further, the preferred embodiments described
above preferably use methanol as fuel and an aqueous
methanol solution as the aqueous fuel solution. However, the
present invention is not limited by this. For example, the fuel
may be provided by other alcohol based fuels such as
ethanol, and the aqueous fuel solution may be provided by
an aqueous solution of the alcohol, such as an ethanol
aqueous solution.

[0147] While preferred embodiments of the present inven-
tion have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing the scope and spirit of the
present invention. The scope of the present invention, there-
fore, is to be determined solely by the following claims.
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What is claimed is:
1. A fuel cell system comprising:

a fuel cell which generates electric energy by electro-
chemical reactions;

a first concentration detector arranged to detect a concen-
tration of an aqueous fuel solution to be used for the
generation of electric energy by the fuel cell, by detect-
ing a physical characteristic of the aqueous fuel solu-
tion;

a second concentration detector arranged to detect a
concentration of the aqueous fuel solution by detecting
an electrochemical characteristic of the aqueous fuel
solution;

a temperature detector arranged to detect a temperature of
the aqueous fuel solution; and

a selector arranged to select one of the concentration
obtained by the first concentration detector and the
concentration obtained by the second concentration
detector, based on the temperature detected by the
temperature detector.

2. The fuel cell system according to claim 1, wherein the
selector is arranged to cause each of the first concentration
detector and the second concentration detector to detect a
concentration of the aqueous fuel solution, and selects one
of'the concentrations, if a detection result of the temperature
detector is between a first threshold value and a second
threshold value which is smaller than the first threshold
value.

3. The fuel cell system according to claim 2, further
comprising a determination device arranged to check if the
concentration obtained by the first concentration detector is
valid or not.

4. The fuel cell system according to claim 3, wherein the
selector selects one of the concentration obtained by the first
concentration detector and the concentration obtained by the
second concentration detector based on the temperature
detected by the temperature detector and a switch-over
temperature which is smaller than the first threshold value
and greater than the second threshold value if the determi-
nation device determines that the concentration obtained by
the first concentration detector is valid.

5. The fuel cell system according to claim 4, further
comprising a setting device arranged to set the switch-over
temperature based on the concentration obtained by the first
concentration detector.

6. The fuel cell system according to claim 1, further
comprising a setting device arranged to set a switch-over
temperature based on the concentration obtained by the first
concentration detector, wherein the selector selects one of
the concentration obtained by the first concentration detector
and the concentration obtained by the second concentration
detector based on the temperature detected by the tempera-
ture detector and the switch-over temperature set by the
setting device.

7. The fuel cell system according to claim 1, wherein the
first concentration detector includes an ultrasonic sensor
arranged to detect the concentration of the aqueous fuel
solution based on an ultrasonic propagation speed in the
aqueous fuel solution, and the second concentration detector
includes a voltage sensor arranged to detect the concentra-
tion of the aqueous fuel solution based on an open-circuit
voltage of the fuel cell.
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8. The fuel cell system according to claim 1, wherein the
temperature of the aqueous fuel solution during operation
reaches or exceeds 50° C.

9. A fuel cell system comprising:

a fuel cell which generates electric energy by electro-
chemical reactions;

a first concentration detector arranged to detect a concen-
tration of an aqueous fuel solution to be used for the
generation of electric energy by the fuel cell by detect-
ing a physical characteristic of the aqueous fuel solu-
tion;

a storage device arranged to store conversion information
for converting electrochemical information about the
aqueous fuel solution into a concentration of the aque-
ous fuel solution;

a second concentration detector arranged to detect elec-
trochemical information of the aqueous fuel solution by
detecting an electrochemical characteristic of the aque-
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ous fuel solution, and to make reference to the conver-
sion information and convert the electrochemical infor-
mation into the concentration of the aqueous fuel
solution; and

an updating device arranged to update the conversion
information in accordance with the concentration
obtained by the first concentration detector and the
concentration obtained by the second concentration
detector.
10. A motorbike comprising the fuel cell system accord-
ing to claim 1.
11. A transport equipment comprising the fuel cell system
according to claim 1.
12. A motorbike comprising the fuel cell system accord-
ing to claim 9.
13. A transport equipment comprising the fuel cell system
according to claim 9.



